ABSTRACT
INTRODUCTION
Counterfeit drugs are always sold in markets leading to adverse effects such as drug resistance, and eventually death [1] [2] [3] . In developing countries, the percentage of counterfeit drug sales is approximately 10%. That proportion would be greater than 50%, considering if medicines are purchased online [4, 5] . Drug counterfeiting posed a serious threat to personal safety resulting to serious damage in the interests of consumers. Counterfeit drug use has been dramatically increasing in recent years. For example, the proportion of counterfeit medicines has reached 80% in African countries [6] threatening the normal import and export trade. Therefore, the absence of suitable and rapid identification methods corresponds to a rise in number of reported cases concerning counterfeit medicine [6] . Traditional Chinese Medicine (TCM) plays a pivotal role in disease prevention, treatment and research as demonstrated in the clinical efficacy of TCM against certain diseases which are ineffective or has associated side effects [7] . P. chinense is a famous and precious traditional Chinese medicine. According to TCM practice, P. chinense is effective in removing heat and toxic substances. Most of traditional Chinese medicines are been distributed in desert regions, which leads to their shortage. In recent years, there has been a huge increase in the use of herbal products. However, some defective goods and falsify herbs are been filled with Chinese herbal medicine market because of the influence of Profit-driven as well as resource depletion which poses a major public health risk. Medical plants are the basis of genuine drug production, but recently, it's reported that some counterfeit or adulterant drugs caused life-threatening poisonings. For example, it's reported that approximately 50% of artesunate tablet samples extracted from Artemisia annua L. in Southeast Asia are adulterant drugs [8] . Most importantly, it is often reported that severe kidney damage caused by adulteration with Aristolochia species because of aristolochic acid toxicity [9] [10] [11] . All of these life-threatening poisoning cases threaten the safe use of TCM. Therefore, solving the medicinal authenticity identification becomes an important project to improve the quality of medicinal materials and guarantee for the import and export. Traditional identification method used in Chinese herbal medicine include character identification, microscopic identification and physical and chemical identification. Although these methods are simple and direct, their subjectivity is strong. Their accuracy depend on human experience and existence of many disadvantages such as 'the effects was not beautiful, accuracy was not enough and so on'. The classic shape classification and traditional identification method is unable to meet the needs of identification of traditional Chinese medicine, especially for medicines that are sliced to pieces after complicated process [12] . Besides, none of these methods alone can definitively identify closely related species that share remarkably similar morphological characteristics and chemical profiles [13] . As a result, it's urgent to establish rapid and simple identification procedures for the rapid inspection of raw herbal materials. With the development of molecular biology and equipment technology, Chinese herbal medicine field have launched some new identification methods that show vigorous vitality. Real-time PCR technology is a popular molecular detection technology in recent years with many advantages on detection such as high efficiency, strong sensitivity, perfectly specificity and so on. Real-time monitoring can be achieved through an observation curve in the reaction process [14, 15] . Since LAMP was first reported by Notomi et al. in 2000 , it has attracted a lot of attention as a potentially rapid, accurate, sensitive, and cost-effective novel nucleic acid amplification method [16] . A special advantage of LAMP is the ability to amplify specific sequences of DNA under stationary temperature between 63 and 65℃ [17] . Besides, a positive reaction with LAMP can be easily judged by the naked eye, without electrophoresis [18] . The LAMP method has now been developed as commercial kits and some of them have been recommended as methods for routine identification and surveillance of pathogens in some countries [19] . Most of the Real-time PCR and LAMP assays are developed for the detection of microorganism [20] [21] [22] [23] [24] , but few on the detection of Chinese herbs. In this study, we sought to establish a LAMP and Real-time protocol and examine its reliability in detection of traditional Chinese medicine targeting ITS2 or psba-trnh gene, named as DNA bar coding gene [12] . The advantages and limitations of Real-time PCR and LAMP are also discussed and the sensitivity of LAMP and Real-time PCR was compared.
MATERIAL AND METHODS

Traditional Chinese medicine
In this experiment, five (5) Chinese herbs with similarity to the original herbs were taken and contrasted to the separate negative samples consisting of three herbs, to test specificity (Table 1 ). In fact, there are three rules taken to choose these negative samples. First, these herbs are similar to P. chinense in regards to color and shape. When these herbs are processed into dusty or small pieces, it's difficult to distinguish them from P. chinense based on shape, color and smell. Secondly, these herbs have similarity in therapeutic effect on disease as described by Chinese pharmacopoeia. However, these herbs are cheaper than P. chinense but are less effective. Last, in the practical detection of Entry-Exit Inspection and Quarantine Bureau, these herbs are always be found adulterated in the detection of P. chinense. DNA extraction and preparation from Chinese herbs DNA was extracted by improved CTAB method as described by Zhonggang Duan.
[ [25] ] The DNA was dissolved in 60 µL TE or ddH2O and stored in -20℃ before use. Sensitivity test involve DNA template dilution with sterile water ranging from10 1 to 10 -5 ng/µl. Blank control was performed using sterile water instead of the DNA template.
Sequence screen and special primers design
The detection of traditional Chinese medicine depends on DNA bar coding genes described by Chen SL [13] . The bar coding gene was filtered and special gene of P. chinense was separately chosen according to the amplification sequence (Table 2) . At first, we took ITS2 and Genebank NO. as keywords to search on NCBI. A Blast N program was processed in Nr database to find similarly sequence and download all sequences in FASTA format. Then, similarly analysis of these sequence was processed with the software named MEGA 6.0 to find the special region. At last, the primers were designed in these special regions by a software named Primer Express3.0.
Real-time PCR reaction
Firstly, primers specificity was processed by PCR. The PCR products were observed under 110 v and 1% agarose gel electrophoresis, then gel imaging system photographed. Real-time PCR was carried out using a Q-pcr Mix kit (GeneCopoeia, USA). In brief, Real-PCR was carried out with a 20μL mixture containing 2 µL primer F and primer R, 10 µL of Q-PCR mix, 0.4 µL of Rox Reference Dye, 3.6 µl of ddH2O, and 2 µL of the DNA template. The process had three steps including 95 ℃ 30s, one cycle；95℃ 5s，58.5℃ 30s，40 cycle and get fluorescent when 72℃.
LAMP reaction
The LAMP reaction depends on DNA bar coding genes. Thus, the bar coding gene was filtered to obtain P. chinense special gene in Real-time PCR. The special gene and LAMP reaction are GeneBank NO. GQ434820 and KP089168, respectively. The LAMP reaction was conducted as described by Notomi et al. [16] and Savan et al. [26] . Primers for LAMP were designed using primer software PrimerExplorer and online website (http://primerexplorer.jp/e/), targeting the conserved region of ITS2 gene [13] . LAMP reactions were carried out using a Loopamp kit as described by Eiken Chemical Co. Ltd., Tokyo, Japan. In brief, LAMP reaction mixture containing 40 pmol of FIP and BIP in total of 25µL, 5 pmol of F3 and B3, 12 1µL fluorescent detection reagent (Eiken Chemical Co. Ltd., Japan) was added to some of the reactions, and the volume was adjusted accordingly. The reaction mixture was incubated at 65℃ for 90 min, then at 80℃ for 2 min to the end of reaction in a Loopamp real-time turbidimeter (LA-320C and LA-500, Teramecs Co. Ltd., Japan).
RESULTS AND DISSCUSSION
Specificity of the Real-time PCR reaction
A previous study [13] has compared the PCR amplification efficiency of some gene sequence such as psbA-trnH, ITS2 and ITS sequence across 400 Chinese herb samples. The success rates for psbA-trnH and ITS2 sequence was 92.8%. In this study, ITS2 was chosen as bar coding sequence after filtering off the other sequences. The ITS2 primers pair with highest success rates as listed in Table 2 . Table 2 . Nucleotide sequences of real-time PCR primers designed in this study.
Species
Name of primers Sequence of primers（5′-3′） Annealing temperature Size of sequence
In conventional PCR, DNA template of P. chinense have respective products, while DNA template from others species similar to P. chinense cannot be amplified ( Fig  1A) . The real-time PCR has shown that Ct value of P. chinense is 19.86, 19.65 and 19.77, while the Ct value of CH1 to CH5 is greater than 30 (Fig 1B) . The pair of primers specified to P. chinense and real-time PCR can detect Chinese herbs with higher speed and higher specify. Compared with conventional PCR, real-time PCR cast less time and could monitor the reaction in real-time by observing the curve in reaction process. However, real-time PCR is more expensive considering relative equipment and kits. 
Specificity of the LAMP reaction
LAMP requires a set of four primers (B3, F3, BIP and FIP), recognizing six distinct sequences within a target DNA in total (Fig 2) . At first, three groups of primers were designed and filtered to select the best group depending on initial time of turbidity. Turbidity occur after 70 minutes on one of groups, while the other group didn't show any line until the reaction was completed (Fig 3A) . An optimal group of primers for LAMP reactions and design loop-primers was chosen. The LAMP reaction was positive and have shown lines after 20 minters for the P. chinense and none to the other tested similar species (Fig 3B) . That is suggestive that, LAMP reaction is specific to P. chinense. The early appearance in turbidity with the addition of loopprimers, indicates that addition of loop-primer can accelerate LAMP reaction. 
Comparison of Sensitivity between LAMP reaction and the Real-time PCR reaction
The detection limit concentration of real-time PCR assay was 10 -4 ng/µL of herbs DNA (Fig 4.) . It has been shown that Ct value was increasing with dilution of DNA template. The Ct value was over 30 when DNA concentration is 10 -5 ng/µL. It have been demonstrated that real-time PCR could detect less concentration of DNA template compared to conventional PCR, which means detection sensitivity was higher. The sensitivity of LAMP was compared with real-time PCR, using the same template DNA. With the reduction of DNA template, turbidity is lower. However, no turbidity is detected when the concentration is 10 -5 ng/µL (Fig 5A) . That is consistent when the amplification time begin to vary from 20 to 35 minutes with the dilution of DNA. Also, no amplification was detected when the concentration is lower than 10 -4 ng/µL (Fig 5B) . Visual inspection of the LAMP products is conducted by adding fluorescent detection reagent. The appearance of green color shows occurrence of reaction, while a brown color indicates a negative reaction( Fig 5C) . The LAMP reaction occurred in a sample containing 10 -4 ng/µL template, which validates a sensitivity detection in 10 -4 ng/µl per reaction. [17] . Sixty minutes incubation was enough to allow minimal amount of template DNA to amplify a visible turbidity [17, 18] . In this study, sensitivity which has been detected by naked eye and turbidity matched with each other (Fig 5) . LAMP amplifies a very large amount of target DNA, which produces magnesium pyrophosphate as a by-product, visible as white turbidity [15] [16] [17] [18] . In all cases, we could distinguish LAMP-positive samples from negative samples simply by color or turbidity of the reaction mixture. LAMP is attractive diagnostic method exploited in poor countries where facilities are rough. Furthermore, LAMP is rapid and does not require any specialized heating equipment.
CONCLUSION
In conclusion, the present study show a similarity in relative sensitivity of the TCM of LAMP method to real-time PCR assay. However, real-time PCR assay and LAMP reaction have shown superior sensitivity compared to conventional PCR used to detect P. chinense DNA. LAMP method and real-time PCR targeting ITS2 gene are rapid, sensitive, cost-effective and simple, which is a useful tool for molecular authenticity of traditional Chinese herbs [27] . Compared to PCR and other molecular biological techniques, LAMP and Real-time PCR which are commonly used in detecting traditional Chinese herbs are more practical under circumstances requiring a field diagnosis, such as entry and exit inspection and quarantine. This study reports the use of a LAMP technique for detection of traditional Chinese medicine for the first time, despite the stool samples in this study were artificially prepared. Further studies should be carried out to evaluate real value of this method, applying it to real life and settings in endemic situations.
